Most natural history studies of severe sepsis are limited to ICU populations. We describe the onset and timing of severe sepsis during the hospital course for patients hospitalized with community-acquired pneumonia (CAP). We also determine the ability of the systemic inflammatory response syndrome (SIRS) and other proposed risk stratification scores measured at emergency department (ED) presentation to predict progression to severe sepsis, septic shock, or death. Participants: The 1,339 patients hospitalized for CAP in the PORT study cohort, and a random subset of 686 patients for whom we had information for SIRS criteria. Interventions: None. Measurements and results: All subjects had infection (CAP). Severe sepsis was defined as new-onset acute organ dysfunction in this cohort, using consensus criteria. Severe sepsis developed in one half of the patients (n ‫؍‬ 639, 48%), nonpulmonary organ dysfunction developed in 520 patients (39%), and septic shock developed in 61 subjects (4.5%). Severe sepsis and septic shock were present at ED presentation in 457 patients (71% of severe sepsis cases) and 27 patients (44% of septic shock cases), respectively. While SIRS was common at presentation (82% of the subset of 686 had two SIRS criteria), it was not associated with increased odds for progression to severe sepsis (odds ratios Key words: community-acquired pneumonia; critical illness; organ dysfunction; organ failure; outcome; sepsis; systemic inflammatory response syndrome Abbreviations: AOD ϭ acute organ dysfunction; APACHE ϭ acute physiology and chronic health evaluation; CAP ϭ community-acquired pneumonia; CI ϭ confidence interval; ED ϭ emergency department; OR ϭ odds ratio; PORT ϭ Pneumonia Patient Outcomes Research Team; PPV ϭ positive predictive value; PSI ϭ pneumonia severity index; ROC ϭ receiver operating characteristic; SIRS ϭ systemic inflammatory response syndrome; SOFA ϭ sequential organ failure assessment
M ost studies of severe sepsis begin at the moment that the patient has already met diagnostic criteria, and usually focus on patients in the ICU. However, data suggest that many cases of sepsis occur outside the ICU 1,2 and, further, that early intervention in subjects with incipient severe sepsis may improve outcome. 3 Thus, future therapies for severe sepsis may attempt to target patients earlier and target patients outside the ICU. Yet, there are few data regarding the early course of sepsis. For example, in major sources of severe sepsis, such as community-acquired pneumonia (CAP), it is not even clear what proportion of patients acquire severe sepsis.
Historically, the presence of the systemic inflammatory response syndrome (SIRS) was suggested to be a precursor of severe sepsis. 4, 5 However, several investigators 6, 7 challenged the utility of the 1991 American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference definition of SIRS. There are empiric data in ICU patients showing that SIRS does not predict subsequent organ dysfunction. 8 -11 The latest International Sepsis Consensus Conference 7 recommended abandoning the traditional "two out of four SIRS criteria" for the definition of sepsis. More recently, Alberti and coworkers 12 analyzed a large European cohort and concluded that SIRS was not predictive of mortality during the ICU stay regardless of the timing of infection onset. This study was confined to the ICU and did not assess the possible connection of SIRS with subsequent development of severe sepsis and septic shock. The same research group 13 later developed updated SIRS criteria that, when measured at the onset of infection in the ICU, may better predict subsequent severe sepsis or death.
The first objective of this study was to determine the timing of onset of severe sepsis, defined as infection plus acute organ dysfunction (AOD), in a large North American cohort of subjects hospitalized with CAP. Our second objective was to determine the ability of SIRS criteria, as measured at the time of presentation to the emergency department (ED), to predict the development of severe sepsis or subsequent adverse events. In addition, we explored the predictive ability of one disease-specific scoring instrument, the pneumonia severity index (PSI).
Materials and Methods
The Institutional Review Board of the University of Pittsburgh approved this research study. All participants signed an informed consent form.
Subjects
We studied the inpatients of the Pneumonia Patient Outcomes Research Team (PORT) cohort study 14 (n ϭ 1,339) recruited at four North American sites. Patients were Ն 18 years old, had clinical and radiographic evidence of pneumonia within 24 h of presentation to the ED, and provided informed consent. We assessed characteristics through chart review, [15] [16] [17] reviewing records from the time of presentation to the ED to hospital discharge or 30 days. We had information on SIRS criteria for a random subset of 686 patients (51% of the cohort) that allowed us to analyze the association of SIRS with subsequent adverse events and outcomes.
Definitions and Measurements
We defined severe sepsis as infection plus AOD, following the 2003 International Sepsis Definitions Conference criteria. 7 Infection was present in all subjects as a criterion for study entry. AOD was measured across six organ systems as described previously. 18 We defined septic shock as infection plus hypotension refractory to volume resuscitation and requiring vasopressor therapy. We defined SIRS criteria as follows: (1) body temperature Ͼ 38°C or Ͻ 36°C; (2) heart rate Ͼ 90 beats/min; (3) respiratory rate Ͼ 20 breaths/min; minute ventilation Ͼ 10 L/min; or Paco 2 Ͻ 32 mm Hg; and (4) WBC count Ͼ 12,000/L or Ͻ 4,000/L (with Ͼ 10% immature forms), following the 1991 American College of Chest Physicians/Society of Critical Care Medicine Sepsis Definitions Consensus criteria. 5 Although the consensus conference defined SIRS as the presence of at least two of the four criteria, researchers have also used a stricter rule requiring the presence of at least three of the four SIRS criteria, 19 so we also considered this variant of the definition. We considered the possibility that our previously used definition of AOD 18 may be "mild" compared to commonly used by other researchers levels of organ dysfunction. Specifically, we have previously dichotomized dysfunction in six systems into "base" and "more severe" definitions and used the base definition for analysis. The base definition loosely corresponds to sequential organ failure assessment (SOFA) scores of 1 to 2, while the more severe definition corresponds to SOFA scores of 3 to 4. 20 The base definition was our default definition because we have used it before in published analyses from this cohort. However, to account for the difference in definitions, we repeated all analyses using both definitions of AOD.
Patients were stratified into PSI classes I to V according to published criteria and dichotomized into low-risk PSI (classes I to III, expected mortality Ͻ 3%, expected ICU admission Ͻ 6%) and high-risk PSI (classes IV to V, expected mortality Ͼ 8.5%, expected ICU admission Ͼ 10%). 15 This corresponds to the decision rule proposed by Fine et al 15 to hospitalize patients who present to the ED with pneumonia in PSI classes IV to V. Because ICU admission is often required when severe sepsis develops in pneumonia patients, we considered high-risk PSI patients to have a higher chance of acquiring severe sepsis. Study day 1 equals hospital day 1. The first day describes events and clinical characteristics assessed from the period of initial presentation to the ED until midnight. Subsequent days are the subsequent midnight-to-midnight 24-h periods. Whenever more than one episode of severe sepsis occurred during a patient's hospital course, only the initial episode was included in the analysis.
Predictive Value of Scoring Instruments
We described the progression to severe sepsis, septic shock, and death in patients with and without SIRS at presentation. We calculated the discriminative power and the association of SIRS with these three events. Only patients free of the event of interest (eg, severe sepsis) on study day 1 were included in the analysis of the predictive value of SIRS. This allowed us to assess the utility of SIRS in predicting future events or progression of disease. The outcome of patients without severe sepsis at presentation was analyzed to determine the ability of PSI to predict subsequent severe sepsis.
Statistical Analysis
Categorical data are presented as counts and proportions. We determined the predictive utility of SIRS criteria and of the PSI using the receiver operating characteristic (ROC) area under the curve as a measure of discrimination. In addition, the positive predictive value (PPV) of the high-risk PSI category was calculated using the proportion of subjects in this group who went on to acquire severe sepsis. To test association, we used 2 tests of the proportion of patients with and without SIRS and with or without high PSI scores, as well as with differing numbers of SIRS criteria or differing PSI scores who developed the outcomes of interest.
2 tests were also used to determine the odds of dying. All ROC curves and odds ratios (ORs) are presented using 95% confidence intervals (CIs). We considered differences statistically significant when the p value was Ͻ 0.05. A database analysis was conducted (Visual FoxPro and Excel; Microsoft; Redmond, WA), as was statistical analysis (SPSS Version 10.1; SPSS; Chicago, IL; and EpiPak, Version 1; Centers for Disease Control and Prevention; Atlanta, GA 21 ).
Results
Of the 2,287 patients enrolled in the PORT cohort in the ED, 1,343 patients were admitted. Of the 1,343 patients, 1,339 patients had complete organ dysfunction data and formed the study population. Of these 1,339 patients, 170 patients (12.7%) were admitted to the ICU at some point. We described the baseline characteristics of the study population previously. 22 One half of the patients (n ϭ 669, 49.96%) had a PSI class of IV or V, conferring a 30-day mortality risk of Ն 8.5%. 15 We collected the requisite physiologic data to determine the SIRS criteria in a random subset of 686 patients. This subset was also described previously. 14 Table 1 shows comparisons between the subset and the full cohort in terms of patient age, gender, prevalence of ICU care, ICU length of stay, and mortality. The subset of 686 subjects was younger and had a lower 30-day mortality but was otherwise statistically the same.
Incidence, Timing, and Outcome of Severe Sepsis and Septic Shock
More than one third (34.1%, n ϭ 457) of the 1,339 patients presented to the ED with severe sepsis, and 2% (n ϭ 27) were in septic shock. Nearly one half of the 1,339 patients (47.7%, n ϭ 639) had severe sepsis (Fig 1) , and 4.5% (n ϭ 61) had septic shock at some point during their hospitalization. Of those who did not present with severe sepsis (n ϭ 882), severe sepsis developed in 182 patients later in the hospital course (20.6%). These rates were not significantly different from the event rates in the subset of 686 patients with full physiologic data, of whom 52% acquired severe sepsis (n ϭ 357, p ϭ 0.07) and 3% had septic shock (n ϭ 22, p ϭ 0.15).
Using the more severe definition of AOD, 317 patients (23.7%) presented to the ED with severe sepsis, and 110 more patients acquired severe sepsis later, for a total of 31.9% of the cohort. In the subset of 686 patients, these percentages were 19.2 and 27.7, respectively. Most AOD (Ͼ 60% of all AOD in each organ system) was either present on presentation to the ED or occurred on day 1, but the subsequent course varied by system, with most renal dysfunction occurring early, while cardiovascular and hematologic dysfunction tended to occur later (Fig 2) . Nonpulmonary organ dysfunction was present in 28% of the cohort (n ϭ 374) at presentation to the ED and 39% of the cohort (n ϭ 520) at some point during their hospital stay (Fig 1) . Of the 520 patients who had nonpulmonary AOD at some point, 15% acquired it after day 2 and 10% acquired it after day 5. Organ dysfunction in more than one organ system occurred in 19% of all patients.
Mortality at 30 days or hospital discharge among the patients with severe sepsis was 13.1% using the base AOD definition, and 15.5% using the severe definition. Mortality varied by type of organ system (Fig 3) .
Predictive Power of SIRS and PSI for Severe Sepsis, Septic Shock, and Death
Of the 686 patients with full physiologic data, 562 patients (82%) had two of four SIRS criteria on day 1, and 94% met two of four SIRS criteria at some point during their hospitalization. SIRS at presentation was not associated with increased odds of subsequent development of severe sepsis, septic shock, or death (Table 2) . Of the 99 patients in this subset who acquired severe sepsis after day 1, 24% (n ϭ 24) did not meet the SIRS criteria at presentation. Similarly, 3 of the 14 patients (21%) who acquired septic shock after day 1 did not meet SIRS criteria at presentation (Table 2) , while one quarter of nonsurvivors (n ϭ 5, 25%) did not present with SIRS.
The ROC curves for the discriminative ability of the SIRS criteria to predict severe sepsis, septic shock, and mortality were all Ͻ 0.5 (Table 2) . Even when the more stringent definition of sepsis requiring three of four SIRS criteria was used, the ROC area under the curve remained very low (Table 2 ; Fig  4, 5) . These results did not change when the more severe definition of AOD was used (Table 2 ; Fig 4) . 2 analysis indicated that neither the presence of two nor three SIRS criteria at presentation were associated with subsequent severe sepsis, septic shock, or death. The only exception was that the presence of at least three SIRS criteria at presentation was weakly associated with a decreased odds of dying (OR, 0.39; 95% CI, 0.14 to 0.98; p ϭ 0.04) [ Table 2 ]. In fact, for all six tested associations, the raw proportions of patients with SIRS at baseline who went on to acquire severe sepsis, septic shock, or died were less 
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Original Research than the respective proportion of subjects who did not have SIRS at baseline ( Table 2 ). The distributions of patients with none, one, two, three, or four SIRS criteria who acquired new severe sepsis were not different (Table 3 ). The same was true for those who acquired new septic shock or died ( Table 3) .
The PSI score at presentation was associated with the subsequent development of severe sepsis (p Ͻ 0.001). This held true after analyses both for all PSI strata (two-by-five 2 for PSI scores of I, II, III, IV, or V), and when PSI was analyzed as a dichotomous variable (two-by-two 2 for PSI scores of IV or V vs PSI scores of I, II, or III). However, the ROC area under the curve for the discriminative power of the PSI score to predict subsequent AOD was 0.629 (95% CI, 0.586 to 0.673). The ROC area under the curve worsened to 0.608 (95% CI, 0.564 to 0.652) when the PSI was analyzed as a dichotomous variable. A high PSI score (IV or V) had a low PPV (36.2%) for subsequent severe sepsis.
Discussion
We demonstrated that SIRS criteria measured as early as the patient's presentation to the ED are poorly predictive of severe sepsis, shock, and death in pneumonia patients. Once the cornerstone of the sepsis definition, SIRS appears to be of very limited use in forecasting any of the adverse events in the sepsis cascade. Our results show for the first time that this holds true for a mixture of ICU and non-ICU patients even when SIRS is present very early during their hospital course. However, the PSI, which is a pneumonia-specific scoring instrument, was associated with subsequent development of severe sepsis although it had a weak predictive discrimination power. We also showed that severe sepsis is common in CAP, occurring in approximately one half of all hospitalized CAP patients. Most patients who acquire severe sepsis do so on the first day of hospital admission. Importantly, hospitalized pneumonia patients frequently acquire nonrespiratory AOD.
There are several implications of these findings. We believe we are the first to demonstrate that the SIRS criteria lack the ability to predict all of the subsequent events in the sepsis cascade, including organ dysfunction, septic shock, and death, for patients at the very early stages of hospital care. This has important implications for the delivery of care for the critically ill because of the growing body of evidence that early identification and treatment of severe sepsis, especially in the ED, saves lives. 3 Even in the ICU, the utility of SIRS for predicting organ dysfunction has been disputed. There seems to be evidence that SIRS is associated with organ dysfunction in severe trauma, 23 and investigators 24 have shown that persistent SIRS may predict organ dysfunction in postoperative patients. However, SIRS does not seem as helpful in evaluating the prognosis of the "average" ICU patient. RangelFrausto et al 4 published data showing that the attack rates for ARDS, disseminated intravascular coagulation, and acute renal failure "increased directly" as more SIRS criteria were met (but did not show the attack rates for patients without SIRS), and the same group 8 published an article demonstrating that SIRS did not predict subsequent severe sepsis in a surgical ICU. Salvo et al 9 showed that ICU patients who acquired SIRS at any point and those who did not had similar rates of subsequent severe sepsis and septic shock.
More recently, investigators have demonstrated that when multivariate analysis is employed, SIRS loses significance as a risk factor for acute renal failure in the ICU 10 or for death. 11 Alberti et al 12 showed that in a broad set of ICU patients who either presented with or went on to acquire infection in the ICU, SIRS criteria failed to select patients at higher risk of death. However, one half of the patients with severe sepsis are not treated in the ICU. 1 Our findings support those of Alberti et al 12 and broaden them to include the following: (1) both ICU and non-ICU patients; (2) all events in the sepsis cascade; and (3) identification of SIRS as early as in the ED.
Of note, we found that the PSI, a score that specifically assesses the risk of death for patients presenting with pneumonia, was associated with the subsequent development of severe sepsis. In other words, pneumonia patients who present with higher PSI scores are not only at a higher risk of death, they are also at a higher risk for organ dysfunction. There is mounting evidence that PSI scores could support the decision whether to hospitalize patients with pneumonia. 15, 22, [25] [26] [27] [28] PSI scores can be generated at or before hospital admission, early enough for use in prescribing proper hospital level of care at the time of hospital admission.
Our results, however, do not unequivocally endorse the use of the PSI. In ROC analysis, which is a better Figure 4 . ROC areas under the curve that describe the discriminative ability of SIRS to predict subsequent severe sepsis. Two different definitions of AOD are used: base (ROCs on the left), which is our default, milder definition; and severe, which generally corresponds to SOFA scores of 3 to 4. As the curve inside the box deviates farther away from the top left corner, the discrimination worsens. SIRS demonstrates poor discrimination in predicting severe sepsis.
indication of the ability of the instrument to predict individual patient outcomes, PSI showed weak (but still better than the SIRS) discriminative power. The low PPV of the PSI also means that high PSI scores often failed to select the patients at risk for subsequent severe sepsis. Therefore, its best use as a stratification tool may be as an adjunct to clinical judgment.
In addition to the PSI, there are other existing scores that incorporate information from multiple clinical variables, such as APACHE, but they were Figure 5 . ROC areas under the curve that describe the discriminative ability of SIRS to predict subsequent septic shock and death. As the curve inside the box deviates farther away from the top left corner, the discrimination worsens. SIRS demonstrates poor discrimination in predicting septic shock and death. also developed to predict mortality rather than to predict subsequent organ dysfunction. In addition, APACHE only applies to subjects already in the ICU and requires 24 h to calculate. Alberti et al 13 have modified the SIRS criteria to develop a score that predicts subsequent severe sepsis or shock in subjects presenting to the ICU with infection or acquiring infection in the ICU. This interesting "upgrade" of the SIRS criteria does not appear to predict death or the continuous progression of the sepsis cascade, and may have similar disadvantages to the APACHE. Others 29 have suggested that serum levels of proteins such as procalcitonin or C-reactive protein can help diagnose infection but, again, the development of organ dysfunction has not been a focus of these investigations. Perhaps a combination of clinical characteristics and biological markers might be more useful in predicting severe sepsis and death. In the meantime, we believe that we complement the data from previous investigators 4, 8, 12, 13 with the most comprehensive analysis to date of the predictive ability of SIRS, and that our results support the contention of the sepsis definitions conference 7 that SIRS criteria alone are of little clinical utility.
In addition, our data reinforce the importance of CAP as a cause of severe sepsis. Estimates of the number of Americans hospitalized with CAP range from 600,000 to 1,000,000/yr. 30 -33 Extrapolating from our findings, several hundred thousand of cases of CAP-associated severe sepsis develop each year. This extrapolation is consistent with another study 1 we conducted of the national incidence of severe sepsis and with the frequent observation that pneumonia is the most common source of severe sepsis. 2, 4 Finally, hospitalized pneumonia patients frequently have additional organ dysfunction. Almost 40% of the patients in our cohort acquired nonpulmonary AOD at some point in the hospital course.
There are limitations to our study. First, we focused only on CAP and therefore cannot be certain that our findings would extend to other infections. Second, our cohort was enrolled in the early 1990s at four hospitals. Hospital admission policies may have changed over time or may differ at other hospitals, potentially changing the spectrum of illness severity in subjects hospitalized with CAP. However, we do not believe that such differences would have had a large impact on our findings because we analyzed the progression of patients' conditions during their hospitalization irrespective of the initial status. Furthermore, we do not believe that management of CAP has changed significantly. One study 34 showed great disparity in the quality of care for patients with CAP, which is indicative of a lack of focused change in treatment practices. In fact, the latest American Thoracic Society guidelines admitted that there is a paucity of data that would allow firm recommendations in terms of antimicrobial choices, length of inpatient therapy, and even utility of diagnostic methods related to outcomes. 35 Finally, the in-hospital mortality rate of CAP has been holding relatively steady over the last 20 years. 31, 36, 37 Another limitation is that the definition of severe sepsis is dependent on the choice of organ dysfunction measurement. The use of alternative measures might produce different results. However, we reinforced our measurements with a sensitivity analysis of more severe AOD, and our results did not change. Also, our base measures are similar to the SOFA 20 scores of 1 or 2 widely used to define AOD. In addition, these measures were previously used by us in a study 18 in which they were defined a priori, and the mortality rates in this study are similar to the mortality rates in other studies 15, 31 of hospitalized pneumonia patients. Furthermore, we previously demonstrated in the same cohort that alternative definitions of organ failure had minimal impact on associations with other mortal and nonmortal outcomes. 18 Finally, our sample size only allowed detection of moderate and large associations of SIRS criteria with subsequent outcomes. There may have been smaller associations that we were unable to detect.
